y(Ag, Sn, Cu) + Hg -y (Ag2Hg,) + Y2 (Sn7-8Hg) + CU6SnI5 + -y(Ag, Sn, Cu) unreacted particles.
In fact, the commercial dental alloy was not a single-phase alloy and contained more than one phase. This multiphase alloy on reaction with mercury produced an amalgam, a complicated material consisting of more than the abovelisted phases. The goal of the present investigation was to systematically determine the microstructure in both original dental alloys and their corresponding amalgams. This was achieved using the modern technology of x-ray diffrac-tion, optical and/or electron optical methods, and x-ray energy dispersive spectroscopy.
Experimental Procedures
MATERIALS AND PREPARATION. - Table 1 shows the brand of the selected alloys, their manufacturers, batch numbers, mercury-to-alloy ratio, mechanical amalgamators used, trituration times, and the weights of the pestle in the specified capsules. Table 2 shows the approximate chemical composition and shape of these alloy particles. Cylindrical amalgam specimens were prepared following the parameters in Table 1 along with the ADA testing procedures. 1 The specimens were allowed to set at 37 ± 0.1 C for about one month prior to microstructure determination.
X-RAY DIFFRACTION ANALYSIS. -Both original alloys and their amalgam powders were analyzed separately using x-ray diffraction techniques. The x-ray machine used was a Phillip's (XRG-3000) x-ray generator with copper K, radiation (X = 1.54 A) and a nickel filter. In order to obtain an accurate value for 200, the diffractometer scanning speed was adjusted to 1 0 per minute. The x-ray signal was recorded on a chart recorder calibrated for 1 Figure 1 shows the complete x-ray diffraction patterns obtained from these amalgams. The phase analysis of these patterns is given in Table 4 . Figure 2 shows the part of xray diffraction pattern over the important range of 200 values for y2 peaks for all amalgams studied. Figure 3 shows an optical photomicrograph of a Shofu amalgam surface after being polished and etched by the procedures outlined in the previous section. Figure 4 (a) shows a scanning electron photomicrograph of a typical enlarged area of a polished surface of Shofu amalgam. The areas marked "C" in Figure 4 (a) were subjected to x-ray elemental analysis using the energy dispersive spectrometer, and the observed x-ray energy spectrum is shown in Figure   4 (b).
Discussion
Prior to indexing of complicated diffraction patterns for amalgams containing multiple phases such as -y, 'y,, Y2, Cu3Sn, Cu6Sn5, Ag and/or Cu, it was decided to index relatively simple diffraction patterns from the original alloys containing -y, (Cu-Sn), Ag and/or Cu phases. This helped considerably in the further determination of microstructure in amalgams. Table 3 shows a complete x-ray diffraction analysis of these selected original alloy powders. Most reactive element tin was completely utilized in forming ey and Cu3Sn phases. Presence of Ag and/or Cu elements, which was obvious for Dispersalloy containing (Ag-Cu) eutectic phase, was never reported for other spherical alloys. These elements in small amounts might precipitate because of fast cooling rates produced in the atomization process.
Also, it was observed that Sybraloy containing 30% Cu and 30% Sn (Table 2) showed Cu6Sn5 phase which might be attributed to the high concentration of Cu and Sn elements present in this original alloy powder. Figure 1 shows the complete x-ray diffraction patterns obtained from these amalgams. The phase analysis is given in with silver part of Ag3Sn (y) phase and (2) the reaction of mercury with the silver element that Figure 3 shows a low magnification optical photomicrograph of a Shofu amalgam surface after it was polished and etched according to procedures outlined earlier. The spherical particles marked "A" and the light matrix areas marked "B" were well-defined -y and -y phases. Surprisingly, the dark areas marked "C" were scattered all over the surface. The dark areas "C" could correspond to either '72 phase or porosity normally observed in amalgams. Because of no contrast difference between y72 phase and porosity in the photomicrograph, it was then decided to determine the phase corresponding to dark "C" areas on the scanning electron microscope with an attached x-ray energy dispersive spectrometer. [he specimen surface was again polished, thoroughly washed and dried. The polished surface was examined in the scanning electron microscope. Figure 4 (a) shows a high magnification scanning electron photomicrograph of typical "C" areas on the specimen surface to be studied for energy dispersive x-ray analysis. Figure 4(b) shows the observed x-ray emission spectrum from the "C" areas of Figure 4 (a). The spectrum indicated x-ray emission peaks for Al, Ag, Sn, and Hg elements. Aluminum appeared from the polishing alumina powder which was embedded in the specimen during the polishing process. Presence of weak Ag peak resulted from the penetration of the electron beam beneath the surface layers of the specimen. [ he remaining Hg and Sn elements corresponded to (Sn-Hg) phase, known as '72 (Sn7 8Hg). This confirmed that the areas marked "C" in Figure   4 (a), in fact, were '72 areas. Thus, Shofu amalgam had large '72 phase crystals as identified and scattered all over the surface (Fig 3) . This was the reason that the diffraction pattern for Shofu amalgam showed intense 72 peaks comparing to other '72-containing amalgams.
Conclusion
The conclusion of the present study was made as follows: X-ray emTission spectrum observed fromii areas "C in Figure 4 (a).
(1) The amalgam contained both unreacted phases from the original alloy and the phases produced from the reaction of mercury with the original alloy. 
